• In review by an expert panel of ICD coding for malignant hyperthermia over a 3-yr period, approximately 70% of coded cases were considered to be malignant hyperthermia susceptible • The most common reason for inaccurate coding was high fever unrelated to anesthesia Conclusions: Approximately one quarter of ICD-9 or ICD-10 coded MH diagnoses in hospital discharge records refer to incident MH episodes and an additional 47% to MH susceptibility (including personal history or family history). Information such as surgical procedure, anesthesia billing data, and dantrolene administration may aid in identifying incident MH cases among those with an ICD-9 or ICD-10 coded MH diagnosis in their hospital discharge records.
M
ALIGNANT hyperthermia (MH) is a rare pharmacogenetic disorder of skeletal muscle metabolism. When a susceptible patient is exposed to a triggering agent (halogenated volatile anesthetic agent and/or succinylcholine) or event (such as elevated environmental heat along with exercise), a potentially fatal hypermetabolic reaction can occur. 1 In 1997, the International Classification of Diseases (ICD), 9th Revision Clinical Modification coding system (ICD-9) added a code for "malignant hyperthermia: malignant hyperpyrexia due to anesthesia" (995.86). The availability of a special ICD code for MH has made it possible to conduct epidemiological research related to MH, including use of the code to evaluate MH prevalence, trends in MH occurrence, and coexisting diseases. [2] [3] [4] However, the validity of the findings from studies based on ICD-coded data has been a serious concern. ICD codes are prone to error at several different levels including but not limited to physician, coding, and sequencing errors. 5, 6 Physician errors occur when a diagnosis is omitted from the record, made incorrectly, or improperly recorded using the wrong terminology. Coding errors can then occur when data abstracters, usually nonmedical personnel, misinterpret or incompletely review the chart and make incorrect decisions about which diagnoses to code. 6 Sequencing errors are defined as improper assignment of a primary diagnosis versus a secondary diagnosis. 5 Studies on the accuracy of ICD coded diagnoses vary widely in their findings due to the fact that each diagnosis and procedure is prone to its own unique rate and type
What We Already Know about This Topic
• The accuracy of International Classification of Diseases (ICD) coding for the purpose of registry research has been questioned in several fields • An ICD code for malignant hyperthermia was created in the 9th edition, but accuracy in its use has not been assessed Pinyavat et al. 7 One study of 7,050 Medicare discharges from a national sampling of U.S. hospitals found that while the overall accuracy was 78.2%, it varied widely across different conditions. The positive predictive value in this study was highest for hip fractures (94%) and lowest for peripheral vascular disease (50%). 8 We conducted a critical review of a sample of hospitalizations containing the ICD code for MH at discharge to estimate the accuracy of coding, identify common errors, and develop strategies to improve the identification of incident MH episodes using ICD and other administrative data. The medical records reviewed in this study were for the 3-yr period from 2006 to 2008, the most recent years for which electronic medical records were available at all the study sites when the study was initiated in 2009. 
Materials and Methods

Study Population and Data Collection
The electronic databases from the participating hospitals were searched to identify patients with the discharge diagnosis of MH (ICD-9 995.86 or ICD-10 T88.3) for a 3-yr period, between January 1, 2006 and December 31, 2008. For each identified hospitalization, the medical record was reviewed including all notes, labs, and all available clinical data from both paper and electronic sources. Other hospitalizations for the same patient were not included in the review.
The chart reviews were conducted by an expert panel consisting of five anesthesiologists who are MH Hotline consultants and have been trained in human subjects protection and the Health Insurance Portability and Accountability Act (Teeda Pinyavat, Henry Rosenberg, Cynthia A. Wong, Sheila Riazi, Lena S. Sun). The records were anonymized by a nonpanelist coinvestigator or research coordinator trained in privacy policies and practices prior to review by the expert panel. Two panelists independently reviewed each record and completed a standard data abstraction form individually (appendix).
If, in the judgment of the panelist, an adverse metabolic reaction occurred, the MH clinical grading scale (CGS) was calculated. 9 Although the CGS does rely on an anesthesiologist's judgment, it provides a validated means to quantify and standardize the diagnosis. In addition to the CGS, the likelihood of MH was classified as possible, probable or fulminant based on the expert panelist's opinion. When there was discrepancy between the two reviews, a third panelist was assigned to reconcile the differences on site with the two first panelists present to answer questions. When differences did occur they were usually easily reconciled when information missed by one panelist was found by another. There were no charts for which an agreement could not be made on a final CGS score and assignment of MH probability by three panelists.
Statistical Analysis
Proportions and confidence intervals (95%) were calculated using Stata Version 11.2 (StataCorp LP, College Station, TX).
Results
Demographics
A total of 47 patients were discharged with a diagnosis of MH as indicated by ICD-9 code 995.86 or ICD-10 code T88.3 from the six participating hospitals between January 1, 2006 and December 31, 2008. Medical records for all 47 patients were reviewed. Of these 47 patients, 10 (21%) were children (age 17 yr or less) and 23 (49%) were male. The mean age was 40 yr and the median age was 36 yr. Thirtytwo of the patients (68.1%) were admitted for or underwent a surgical procedure with general anesthesia during the hospitalization. Pinyavat et al.
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MH Codes and Clinical MH Cases
Eleven of the 47 patients had an incident of possible, probable, or fulminant MH event triggered by anesthesia during the index hospitalization (table 1) . Therefore, the positive predictive value for incident MH when MH was coded as a primary or secondary discharge diagnosis was 23.4% (95% CI (12.3-38.0%). MH was coded as the primary diagnosis in one case. This patient was transferred from an outside hospital for MH management.
The age range of the 11 patients with an incident of possible, probable, or fulminant MH was 4-77 yr. The mean age was 33 yr and 66% were male. All patients had a surgical procedure during the admission except for one who was transferred from an ambulatory surgical center for MH management after liposuction. Five of the 11 cases were emergent. Succinylcholine was administered in 6 of the 11 cases. In one patient, the sole triggering agent received was succinylcholine. The remaining 10 patients received volatile halogenated agents, most often sevoflurane or desflurane. The maximum temperature ranged from 36.3° to 40.4°C with a mean of 38.7°C (temperature information was not available for two patients). All patients survived to discharge.
Nine patients received dantrolene. One patient who did not receive dantrolene was a 4-yr-old boy who had masseter spasm after succinylcholine. Volatile anesthetics were discontinued and the patient was observed without further treatment. The second patient who did not received dantrolene was a 5-yr-old boy with congenital ptosis who had signs of hypermetabolism (temperature of 38.2°C, heart rate of 165 beats/min, and an end tidal carbon dioxide of 60 mm Hg) during an anesthetic that resolved after discontinuation of volatile anesthetic, cooling, and hyperventilation.
MH Codes and Personal or Family History
Twenty-two patients (46.8%) were coded due to a personal (n = 12) or family (n = 6) history of MH, or both (n = 4). In the cases of family history, all except one were in a firstdegree relative.
MH Codes and Non-MH Cases
Eleven records were miscoded as MH due to a high fever unrelated to anesthesia (maximum temperature ranged from 40.5° to 42.2°C with a mean of 41.5°C). The mean age was 40 yr; 36% were male, and 72% had no surgical procedure or anesthesia during admission. In-hospital all-cause mortality for these patients was 18%.
Dantrolene was administered in three cases determined not to be related to MH and miscoded due to fever. One patient was a 55-yr-old male with a history of traumatic brain injury admitted from a rehabilitation facility with fever and a diagnosis of urosepsis. Dantrolene was "given empirically" for his fever of 41.1°C and MH was listed on the differential diagnosis in an emergency department note. Another patient was a 91-yr-old female with heart failure, chronic obstructive pulmonary disease, and renal insufficiency admitted with pneumonia. She had received haloperidol, and dantrolene was given due to suspected neuroleptic malignant syndrome with a maximum temperature of 41.3°C. The third patient was a 2-yr-old female with severe pulmonary hypertension who became unstable after receiving epoprostenol. Upon arrival in the intensive care unit, dantrolene and antibiotics were given for a fever of 41.1°C.
The remaining three non-MH cases had no clear explanation for miscoding. Two were oncology patients. One was a 75-yr-old male with hairy cell leukemia admitted for osteomyelitis and possible infected spinal hardware with a maximum temperature of 37.5°C. The second patient was a 69-yr-old female with breast cancer admitted for breast lumpectomy and no recorded fever. The third patient was a 32-yr-old female with no recorded fever who had a respiratory arrest 2 h after a lumbar decompression and fusion possibly due to opioid overdose.
MH Codes for Surgical Cases and Patients Receiving Dantrolene
A total of 32 patients who underwent a surgical procedure with general anesthesia, 11 were judged to have a clinical MH event (34.3%) and 16 had personal or family history of MH (50%). A total of 12 patients who were given dantrolene, 9 (75%) had a clinical MH event, none had a history or family history of MH, and 3 (25%) had an event unrelated to MH. In patients who had surgery and dantrolene, 9 out of 10 had an incident MH event.
Discussion
Our results show that of 47 patients with ICD-9 or ICD-10 coded MH on hospital discharge, 23.4% had an incident MH episode and 46.8% a personal and/or family history of MH. Taken together, approximately 70% of cases were MH susceptible. The most common reason for inaccurate coding was high fever unrelated to anesthesia. We were broad in our inclusion of all suspected cases, from possible to fulminant, as true positives for the ICD code. While this broad definition may have increased our estimate of coding accuracy, we believe most researchers using the ICD code to investigate MH are interested in any possible cases rather than being limited to biopsy-proven MH. Although we analyzed them separately, we did not consider the personal and/or family history cases as coded in error. In some ways, MH susceptibility can be viewed as a chronic disease. Having a positive history or family history has important clinical implications and the diagnosis should be carried through the medical record on each admission. However, because a different ICD diagnosis of MH susceptibility does not exist, the diagnosis of MH is assigned in these cases.
Our study found that a personal or family history of malignant hyperthermia is difficult to distinguish from an incident diagnosis using discharge diagnoses alone. Some databases such as Medicaid and Medicare databases, and individual state hospital discharge databases, contain a "present on admission" flag to identify a preexisting condition. In our previous study on MH prevalence in New York State between 2001 and 2005, 52% (38 of 73) of cases with the MH diagnosis were flagged as having the condition present on admission. 2 We found in the current study that 47% of cases with the MH diagnosis were coded due to personal or family history of MH. The results and conclusions of previous studies of MH prevalence using administrative databases may be impacted by our finding that prevalence of MH susceptibility is more likely to be accurately captured by ICD code than MH incidence. The confusion in coding the patient as MH susceptible versus having had an acute MH event may also impact medical billing and reimbursement, arguably the most important use of ICD codes today.
Including only surgical admissions increased the positive predictive value of the MH code for incident MH from 23.4% to 34.4%. Most of the patients with a suspected MH event received dantrolene. Therefore, one way to improve specificity of searches for incident MH events using administrative databases might be to include information on whether a surgical procedure was performed and whether dantrolene was administered.
Many ICD coding accuracy studies use physician diagnosis in the medical record or expert coders reabstraction of the record as a gold standard. 5, 7, 8, 10 They address coding accuracy and assume physician accuracy. 7 A definitive diagnosis of MH is often problematic to make over the course of one hospitalization. While muscle biopsy and caffeine-halothane contracture testing can be performed at special testing centers to confirm MH susceptibility, there is no test that can be applied acutely to distinguish MH from other causes of hypermetabolism or hyperthermia. Moreover, contracture tests are not reliable if performed in the first three months after an acute event and therefore these results are not available during the same hospital admission, if at all. Many studies in the United States and Europe have used the CGS as the clinical definition for MH. 1, 11, 12 We chose the CGS and expert opinion as our standard for true MH occurrence. In choosing this external gold standard, we attempted to minimize the amount of physician error. For instance, in two of the three "non-MH" cases in which dantrolene was given, MH was perhaps on the treating physician's differential diagnosis but was deemed highly unlikely by our expert panel.
Validating the physicians' notes in the instance of reported previous personal or family history of MH, however, was beyond the scope of the study.
Coding errors for MH accounted for approximately 32% of cases, most often involving patients with high fever. Because the introduction of the MH code occurred first in October 1997, familiarity with MH may be low among medical coders. 11 We also found that it was fairly common for physicians to inappropriately use the term "malignant hyperthermia"-perhaps reflecting the ambiguity of the terminology that currently exists-to refer to this hypermetabolic syndrome that is neither malignant nor always hyperthermic. Patients with fever who were mistakenly coded with MH tended to have a higher maximum temperature than patients who had a true MH episode. They were sicker overall than patients who had a true MH episode with most patients having an American Society of Anesthesiologists Physical Status of 3 or greater and a high mortality rate. They were also unlikely to have had a surgical procedure or anesthesia or to have received dantrolene. Excluding patients with diagnoses associated with hyperthermia, such as sepsis and neuroleptic malignant syndrome, as Rosero et al. 4 did in their study of MH using the Nationwide Inpatient Sample, would eliminate many of these coding errors.
Sequencing errors were studied widely when diagnosisrelated groups became the basis for hospital reimbursement. The order of primary versus secondary diagnosis in these studies was found be highly prone to error. 5, 10, 13 The Institute of Medicine study found sequencing to be the number one reason for coding errors, leading to over 80% of errors made in coding ischemic heart disease, for example. 10 To minimize the impact of type of error and find as many cases as possible for review, we included both primary and secondary diagnoses of MH. The primary diagnosis is often based on the admitting diagnosis and acute MH will usually not appear as the admitting diagnosis, with the exception of patient transfer for MH management. Including MH as only a primary diagnosis would have missed all but one admission in our study.
Limitations of our study include a small study sample and a limited number of institutions. Our study was also limited by the inability to identify cases in which the MH code was omitted. Therefore, we are unable to report a code PERIOPERATIVE MEDICINE specificity or sensitivity. Further studies of MH ICD code accuracy might be of interest based on a larger sample of hospitals, including both academic medical centers and ambulatory surgical centers. Comparing MH ICD coding accuracy in the United States and other countries would also be of interest.
To our knowledge, this is the first study to examine the ICD code for MH due to anesthesia. We estimate that the code has a positive predictive value of approximately 23.4% (95% CI, 12.3-38.0%) for incident MH, and 70.2% (95% CI, 55.1-82.7%) for MH susceptibility. The code is more likely to detect a history or family history of MH (47%) than an incident MH event. The remainder of the cases were miscoded, many due to high fever. Possible barriers unique to accuracy of ICD coding for MH include variable clinical presentation, lack of a pathognomonic test, rarity of the disease leading to inexperience among physicians and coders, and relative newness of the code.
Using the vast amount of data available through administrative databases is important in expanding our knowledge for rare diseases such as MH. It may be possible to improve accuracy in finding MH events, if additional information such as Current Procedural Terminology (CPT) billing codes or Clinical Classification Software (CCS) procedure codes are used to confirm that a surgical procedure took place, and anesthesia was given during the admission; pharmacy databases may be used to confirm that dantrolene was administered. Further study is required to find the best algorithm of codes to accurately capture incident MH cases in hospital discharge records. Educating physicians and medical coders about MH should also help increase coding accuracy.
